Life Cycle Assessment as Entrepreneurial Tool for Business Management and Green Innovations by Piekarski, Cassiano Moro et al.
44
ISSN: 0718-2724. (http://www.jotmi.org) 
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios.
J. Technol. Manag. Innov. 2013,  Volume 8, Issue 1
Department of Production Engineering, Federal University of Technology - Paraná (UTFPR), Av. Monteiro Lobato, Km 04, s/n - Ponta Grossa, 
Brazil. 84016-210. Phone: +554232204876. 
email: 1cassianopiekarski@gmail.com, 2leila.mendesdaluz@gmail.com, 3lidianazocche@gmail.com, 4acfrancisco@utfpr.edu.br.
Life Cycle Assessment as Entrepreneurial Tool for Business Management and 
Green Innovations 
Cassiano Moro Piekarski1, Leila Mendes da Luz2, Lidiana Zocche3, Antonio Carlos de Francisco4
Abstract
A transition for a green economy has encouraged companies to use new tools which promote internal corporate 
entrepreneurship, increase the competitiveness and achieve sustainable results. This article presented a theoretical 
discussion of how the Life Cycle Assessment (LCA) can presents as an entrepreneurial tool for modern business management 
and green innovation. Studies of LCA were analyzed showing benefits and applications in the areas of strategic planning, 
production, process of development of products, search and development, social and environmental responsibility, and 
marketing. As for green innovations, there were analyzed studies of innovations in products, processes and services. 
The tool assists in making sustainable decisions, fortifies the management of the business processes, the management of 
operations and the promotion of greener innovations.
Keywords: business management; corporate entrepreneurship; green innovation; internal entrepreneurship; life cycle 
assessment (LCA); sustainability.
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LCA is used as a tool for evaluating the environmental per-
formance of products, processes and services to form a 
practice for sustainable business management. Studies show 
that LCA can collaborate to entrepreneurship in various ar-
eas of business (Varžinskas, Staniškis and Knašyte, 2012; De 
Benedetto and Klemeš, 2009; Koffler, Schebek and Krinke, 
2008; Gaudreault, Samson and Stuart, 2010), as well as in the 
spreading of green innovations (Manda, Blok and Patel, 2012; 
Abdallah et al., 2012). Actions of entrepreneurship, including 
new tools, are vital for social and economic development, 
especially in Latin America (Bas, Amoros and Kunc, 2008).
In this context, this article aims to discuss theoretically LCA 
as an entrepreneurial tool for firms achieve sustainable re-
sults through of renewed vision about business management 
and green innovations. Were analyzed results of LCA studies 
that showed benefits and applications in different areas of 
business management that had promoted green innovations 
in products, processes and services.
Life cycle assessment
LCA has developed rapidly over the past three decades 
(Guinée et al., 2011). The development of the methodology 
started from a mere analysis of energy and environmental 
burdens of products, during the 1970´s, and currently is 
widely being used by researchers, organizations and indus-
Introduction
Practices that are consolidated in business environments are 
those that meet the needs and demands of their times. Re-
cent studies view entrepreneurship as the engine of sustain-
able development, expecting that the innovation of entre-
preneurship will bring about the next industrial revolution 
and a more sustainable future (Pacheco, Dean and, Payne, 
2010).
Entrepreneurship and sustainability in corporate posture is 
necessary for firms to reach greater competitiveness. As ex-
ample, investments in innovation committed to sustainable 
actions is a concrete way to add value to Brazilian products 
and to overcome the barriers to and conditioners of in-
ternational operations and competitiveness (Gomes, Krug-
lianskas and, Scherer, 2011). Additionally, also evidence that 
the best performing companies have an innovative behavior 
(Sánches, et al. 2011). In this perspective, to move towards a 
sustainable value creation, companies must be more entre-
preneurial, taking into account the adoption of tools to in-
corporate sustainable aspects in their results and associating 
it throughout the products, processes and services life cycle.
The Life Cycle Assessment (LCA) is a methodological tool 
that evaluates the impact and environmental aspects of a 
product, process or service throughout its complete or par-
tial life cycle. All the relations of the chain are analyzed (ma-
terials, supply chain, distribution, use and final destination).
Figure 1. Stages of an LCA. Data from ISO, 2006
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Life Cycle Assessment (LCA) is the most quantitative (and 
complex) tool which may assist in: identifying opportunities 
to improve the environmental performance of products, 
process and services, supporting decision makers, select-
ing environmental indicators of environmental performance, 
and others (Bocken et al., 2012). The unique characteristic of 
LCA in focusing its application from the perspective of the 
product life cycle (Finnveden et al., 2009) providing a large 
part of environmental information necessary to interpret, 
anticipate and undertake sustainable solutions.
LCA as an entrepreneurial tool in business
With growing recognition that businesses need to more 
directly support, researchers have begun to explore how 
entrepreneurship can usefully contribute to the goal of sus-
tainable development (Parrish, 2010). Sustainability-driven 
entrepreneurs’ primary motivation is to contribute to sus-
tainability, whereas a viable, profitable enterprise is a means 
to that end (Hall, Daneke and, Lenox, 2010). Sustainable en-
trepreneurship is thus clearly associated with the promise 
of more traditional concepts of entrepreneurship, but also 
brings additional potential both for society and the environ-
ment (Kuckertz and Wagner, 2010). In this perspective, the 
use of sustainable tools in business can be characterizes as 
an entrepreneurial approach to competitive advantage.
The use of LCA as an aid to decision making related to 
sustainable management has become more apparent in the 
early 1990´s (Pieragostini, Mussati and Aguirre, 2012). Ac-
cording to Löfgren, Tillman and Rinde (2011) the modern 
industrial environment encompasses the life cycle thinking. 
This implies to consider not only the emissions and use of 
resources of the company´s production process, but also 
the environmental consequences of all processes related to 
the product life cycle. 
LCA can be applied for numerous reasons. It serves as a 
source of information that can give support to the manage-
ment process within organizations. LCA can be widely used 
as a decision making tool (Liamsanguan and Gheewala, 2008; 
Borghi et al., 2007). In this perspective, LCA assists managers 
to find different strategies for an integrated and sustainable 
management system. It is widely used as a decision-making 
tool in process selection, design, and optimization in order 
to identify clean technologies (Borghi et al., 2007). 
The use of LCA assists in an internal corporate entrepre-
neurship. Corporate entrepreneurship improves competi-
tive position and transforms corporations, their markets and 
industries as opportunities for value creating (Özdemirci, 
2011). Generally speaking, according to Guinée et al. (2001) 
the LCA can be applied toward objectives for decision-mak-
ing and value create in different situations: 
tries (Garrigues et al., 2012). LCA seeks to quantify the use 
of natural resources, emissions, environmental impacts and 
health impacts associated with the products, processes and 
services (Welz, Hischer and Hilty, 2011).
LCA methodology is structured and internationally stand-
ardized by the ISO 14040 series (ISO, 2006a; ISO, 2006b). 
They are considered the main and most important stand-
ards for environmental assessment based on product life 
cycle and serve as a basis for other more specific standards 
such as ISO 14025 (Environmental Product Declaration), 
ISO 14067 (carbon footprint), ISO 14045 (eco-efficiency), 
among others (Klöpffer, 2012).
The method is rapidly developing into an important tool for 
authorities, companies and individuals in environmental and 
sustainable science (Roy et al., 2009). Figure 1 shows the 
stages of LCA methodology (ISO, 2006a).
 
The first stage “Goal and Scope Definition” is perhaps the 
most important component of an LCA because the study is 
carried out according to the statements made in this phase 
(Roy et al., 2009). At this stage it is necessary to identify the 
purpose of the analysis, the system boundaries, the function-
al unit (FU) and assumptions. Given the subjective charac-
teristics of this activity, it is necessary to be transparent with 
regards to all decisions and assumptions for this phase of 
the analysis. The goals and scope can be adjusted during the 
iterative process of the LCA (Benedetto and Klemes, 2009).
The Inventory Analysis stage involves the Life Cycle Invento-
ry (LCI) of the LCA methodology. It is essentially the collec-
tion of the data (Shafie et al., 2012). The objective is to per-
form mass and energy balances to quantify all the materials 
and energy inputs, as well as wastes and emissions from the 
system that cause the environmental burdens (Benedetto 
and Klemes, 2009). Inputs are raw materials, energies, water, 
etc. Outputs are the products and co-products, emission to 
air, water and soil, and wastes (Roy et al., 2009).
The impact assessment in LCA consists of the following 
elements: classification, characterization, normalization and 
valuation (Roy et al., 2009).The phase is based on the aggre-
gation of the environmental impacts quantified in the inven-
tory analysis into a limited set of recognizable impact cate-
gories (e.g. climate change, global warming, ozone depletion, 
acidification, eutrophication) (Benedetto and Klemes, 2009).
The last stage purpose of an LCA is to draw conclusions 
that can support a decision or can provide a readily under-
standable result of an LCA (Roy et al., 2009). Interpretation 
is a procedure to evaluate the information from the inven-
tory analysis and impact assessment of the system and to 
propose conclusions from all of the previous results of the 
study (Benedetto and Klemes, 2009).
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All these factors qualify LCA as the most important meth-
odology in modern industrial environmental management 
(Löfgren, Tillman and Rinde, 2011). 
The entrepreneurship is increasingly being recognized as a 
significant conduit for bringing about a transformation to 
sustainable products and processes (Hall, Daneke and, Le-
nox, 2010). The entrepreneurship enable firms to become 
more aggressive, faster, and better at generating novel prod-
ucts, services, and process improvements (Morris et al., Vu-
uren, Cornwall, Scheepers, 2009). In this sense, LCA is being 
recognized as an internal entrepreneurial tool to assist dif-
ferent areas of business management and to facilitate the 
creation of green innovations in firms (Figure 2).
 
LCA assists various areas of business management, in par-
ticular in the areas of business processes and operations. 
When LCA is involved and engaged with business manage-
ment, the green innovation and the internal entrepreneur-
ship is made easier.
– Innovation: LCA is used to assess the environmen-
tal impact of product improvements, product development 
or technical innovations. As pointed out in studies made by 
Peregrina (2006) and Manda (2012).
– Strategic Planning: An LCA study is conducted to 
assess the environmental impact of strategic scenarios (Reb-
itzer and Buxmann, 2005; Poeschl, Ward and Owende, 2012).
– Comparison: An LCA study is conducted to assess 
whether a product or system meets certain environmental 
standards, or whether it is more environmentally correct 
than another product or system (Wang, Templer and Mur-
phy, 2012; Madival et al., 2009).
– Comparative claims disclosed to the public: An LCA 
study aims to provide an environmental statement about the 
superiority or equivalence of a product versus a competing 
product that performs the same function (Menezes, 2012).
– Promote the development of new products (Madi-
val et al., 2009).
– Analyze the origins of the problems related to par-
ticular product and propose improvements (Meneses, 2012; 
Pasqualino, Meneses and Castells, 2011; Rebitzer and Bux-
mann, 2005).
Figure 2. LCA benefits and applications in environmental business
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aspects. The results obtained could be used for implementa-
tion of new internal improvements.
Gebreslassie et al. (2010) incorporated LCA in project de-
velopment and optimization of processes to establish a link 
between the environmental, operations and economic im-
pacts of the process. Löfgren, Tillman and Rinde (2011) de-
veloped a method based on LCA to support improvement 
projects in a factory. This model allows evaluating the envi-
ronmental performance of a production system that helps 
managers to identify potential areas of improvement.
Product Development Process (PDP)
Innovation and new product strategies are generally associ-
ated with an entrepreneurial approach to competitive ad-
vantage (Dess, Lumpkin and, Mcgee, 1999). In this context, 
LCA can be used to support decision making in product 
development projects, assisting in development planning and 
implementation of the projects.
According to Thabrew (2009) the concept of life cycle is 
a way to understand and visualize a broader range of up-
stream and downstream consequences of decisions in de-
velopment planning and implementation. Vinodh and Rathod 
(2010) use LCA project design to integrate environmental 
requirements in all stages of product development, in addi-
tion to the traditional requirements of cost/profit.
Yang and Chen (2012) use LCA for the eco-product design, 
evaluating innovative ideas to design environmentally friend-
ly products. The evaluation of the new design is performed 
to verify if it is more efficient then what is currently available. 
This is done while it is still in the concept design stage.
Research and Development (R&D)
LCA can assist in the research and development process 
(R&D) for obtaining more sustainable products. The high-
quality environmental information is created by LCA to 
support the decision making in R&D. Manda, Blok and Patel 
(2012) have used LCA in the R&D process of printing pa-
per with reduced environmental impacts. LCA assists in the 
choice of several types of pulp and coatings for choosing 
a new product configuration and the associated processes, 
evaluating its performance from an environmental point of 
view. 
Social and Environmental Responsibility (SER)
The growing concerns around the use of natural resources 
bring the challenge of incorporating in the innovation pro-
cess the factors related to the environmental and social re-
sponsibility (Caetano, Araújo ande Amaral, 2012).
LCA and Management 
(Bussiness Processes and Operations Management)
Life cycle thinking is a business management approach that 
can be used to guarantee a more sustainable management 
of the value chain. It can be used to direct, organize, analyze 
and manage information related to the product. It also can 
provide continuous improvement activities throughout the 
life cycle (UNEP/SETAC, 2009).
Company’s leaders use the life cycle management to make 
more sustainable value chains and are applying it to create 
value. 3M, Eskom and Veolia Environnement, use the life cycle 
management to increase efficiency through the reduction of 
energy, reducing the use of materials and water. Veolia Envi-
ronnement uses life cycle management to support the fun-
damental choices in technology. Eskom uses life cycle man-
agement to support important investment decisions. Alcan 
Packaging uses life cycle management for product develop-
ment and for competitive advantage (UNEP/SETAC, 2009). 
For all these factors, the LCA can contribute to decision-
making in various aspects as seen previously in Figure 2:
Strategic Planning
LCA can be used to assist in the general planning of the or-
ganization and motivate internal entrepreneurship. In Alcan, 
LCA is used for a variety of applications to company en-
trepreneurship. These include the strategic planning, market-
ing, products and Alcan benchmarking against competitors, 
as well as applications for improving environmental perfor-
mance (Rebitzer and Buxmann, 2005).
LCA can also be used for the design of the supply chain. 
Newe et al. (2010) incorporates indicators of LCA in devel-
opment of green supply chain projects (green supply chain 
design) and operation. Environmental impact indicators are 
incorporated into a dynamic model of the supply chain, 
along with profit and customer satisfaction. The sustainabil-
ity of the project and various operational decisions can be 
evaluated comprehensively.
Production
In relation to the production process, LCA can be used to 
compare a new process with a process standard, aimed at 
getting the same final product, identifying improvements that 
can be applied in a more efficient way (Rebitzer and Bux-
mann, 2005).
Rebitzer and Buxmann (2005) use LCA to analyze a stand-
ard process in comparison with a new process. They were 
considered beyond the criteria of the technical feasibility, 
costs, quality aspects, and criteria related to environmental 
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this sense, LCA can provide basic technological changes for 
the creation of green innovations.
The green innovation presents itself as a dynamic capacity 
of collective activity through which the organization creates 
and modifies its operating routines in search of greater ef-
fectiveness in relation to environmental impacts (Yam et al., 
2004). 
It is generally perceived that green innovations help firms to 
become more entrepreneurial, enhance environmental per-
formance, minimize waste and achieve cost savings, and con-
sequently promote efficiency and synergy among business 
partners and their lead corporations (Lin and, Ho, 2008).
The green factors, including innovations, may influence on 
international business activities and competitiveness of com-
panies. Greener performance is a factor that may be used in 
order to develop competitiveness, but it must be analyzed 
within the perspective of value for the customers (Moen 
and Jørgensen, 2010). In addition to the above discussions, 
the use of LCA can promote green innovations in products, 
processes and services of a company (Figure 2) (Tseng et 
al., 2009).
Products innovation 
The prospect of LCA identifies and quantifies environmental 
impacts in order to analyze and list what phases of the prod-
uct life cycle has more considerable environmental impact 
(Cambria and Pierangeli, 2012). This is one of the primary 
purposes of LCA: the identification of so-called “hot-spots”. 
This term is commonly used in LCA studies to identify ac-
tivities during the life cycle of the product that has significant 
contribution to the total potential impact associated with 
the product (Jefferies et al., 2012). In this sense, the identi-
fication of hot-spots can direct actions and investments for 
the production of greener and news products.
Different LCA studies reveal green innovation actions from 
the application of LCA. The study of Madival et al. (2009) as-
sesses three types of polymeric packaging in relation to the 
impacts generated in the production, use and disposal. With 
the evaluation, it was identified and selected a packaging 
with lesser environmental impact throughout its life cycle.
Tharumarajah and Koltun (2007) describe an application of 
LCA in order to evaluate the environmental impact of a new 
product. A new magnesium engine block was compared with 
a cast-iron block. The study showed that the use of the new 
product offers environmental advantages.
Russet et al. (2011) presented another application of LCA 
for the selection of an eco-friendly raw material. There was 
LCA provides a basis for the evaluation of potential im-
provements in the environmental and social performance 
of a product system (Pieragostini, 2012). It can be used in 
this context as an input to decision-making regarding the 
choice of waste management systems, or strategic decisions 
concerning the priority of the use of resources. LCA is able 
to provide a general overview of the different environmental 
aspects of waste management strategies This tool makes it 
possible to compare the human health and environmental 
impacts of these options (Cherubini, Bargigli and, Ulgiati, 
2009).
Wang, Templer, and Murphy (2012) use LCA for comparison 
of three scenarios for waste management of papers (bioeth-
anol production, recycling and incineration with energy re-
covery). It was possible to verify that the environmental pro-
files of each system vary significantly. This variation affects 
the results of the comparisons made between the scenarios. 
LCA enable them to choose the option that has the least 
impact on the environment and to human health.
Marketing
LCA can be used for the definition of marketing strategies 
of the organization, disseminating the advantages related to 
the products compared to other existing products.
According to the UNEP/SETAC (2009) LCA can assist in 
decision-making related to marketing, for example, for the 
implementation of an eco-labeling project (Eco labeling), or 
the environmental statement of the product. This empha-
sizes that LCA allows you to develop a “green” marketing 
strategy based on the product recycling possibilities.
With all that has been displayed, it can be perceived that 
LCA allows to identify opportunities to improve the envi-
ronmental performance of products in various points in its 
life cycle (UNEP/SETAC, 2009). Thus, it becomes evident the 
importance of LCA as a tool for management. In this sense, 
its application can contribute significantly to the creation of 
green innovations within organizations.
LCA and Green Innovations
Innovation is seen as a strategic issue in the business world. 
Effective, sustained innovation remains one of the great chal-
lenges facing organization (Crane and, Meyer, 2011). 
The entrepreneurship and innovation are a key point for the 
success of companies in an environment of intense techno-
logical development, creativity and, at the same time, con-
cerns about greener products, processes and services. The 
insertion of environmental concerns into innovation pro-
cess is an important step (Carvalho ande Barbieri, 2012). In 
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Abdallah et al. (2012) applies LCA to propose a green in-
novation in the supply chain of a company. The sample case 
study is presented with a life cycle assessment of three sce-
narios of supply chain based on different carbon emissions 
costs.
In this context, another study (Brave et al., 2011) also used 
LCA to evaluate the impacts of a supply chain. Alternatives 
were analyzed for the reduction of environmental impacts 
and suggestions for innovations in logistic services of wood 
biomass. In general, the results of LCA show its importance 
in the creation of green innovation, the decision-making pro-
cess and the management of an organization.
Conclusions
One of the greatest challenges that will rule this decade 
must surely be the organizations become more entrepre-
neurial and at the same time maintaining more sustainable 
and innovative results. 
Companies resort to new tools of management to become 
more entrepreneurial, ensure competitiveness and achieve 
greener and innovative results. In this aspect, LCA is a crucial 
tool for companies wishing to reach results of excellence 
and to facilitate green innovations.
Thus, the use of LCA can be a new way to promote the 
internal corporate entrepreneurship as a competitive differ-
entiator. The tool makes possible the identification of points 
of improvement and innovations in products, processes and 
services. In business management, different organizational 
sectors can be supported, and can be a part of the decision-
making process towards issues such sustainability, green 
building, green purchasing, carbon storage, climate change, 
eco-innovation, green economy, value create, and many oth-
ers. 
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